Objective: To explore the relationship between antiepileptic drug (AED) use and nontraumatic fractures in those aged 50 years and older.
O
STEOPOROSIS AFFECTS more than 50 million people worldwide, with 9 million osteoporosisrelated fractures reported annually. 1, 2 More than 80% of fractures in those aged 60 years and older are osteoporosis related. 3 In the United States alone, costs of treatment of incident osteoporotic fractures exceeded $30 billion in 2004. 4 There are many secondary risk factors for osteoporosis. 5 Antiepileptic drugs (AEDs) are of particular concern, considering that epilepsy is highly prevalent in elderly persons, a population already at risk for osteoporosis. 6 Antiepileptic drugs are associated with greater bone density reduction in postmenopausal women with epilepsy compared with controls. 7 Two populationbased studies also confirmed that AED use increases the rate of bone loss in adults older than 65 years but, aside from phenytoin and gabapentin, these studies were unable to examine the association of individual AEDs with bone loss. 8, 9 A meta-analysis and 2 populationbased studies described an association between AEDs and fractures, but most studies focused on patients with epilepsy. [10] [11] [12] The use of AEDs extends beyond seizure management (eg, pain and psychiatric disorders). One large population-based study that included persons using an AED for any indication found that carbamazepine, oxcarbamazepine, clonazepam, phenobarbital, and valproate were associated with fractures. 13 Population-based studies assessing the association between AEDs and fractures are scarce, and none have focused solely on older individuals. With expected increases in the incidence of osteoporosis owing to the aging population, we embarked on a population-based, pharmaco-epidemiological, matched cohort study to explore the relationship between AED use and nontraumatic fractures in those older than 50 years.
METHODS

DATA SOURCE
The data source used to carry out this retrospective matched cohort study was the Population Health Research Data Repository housed at the Manitoba Centre for Health Policy, a comprehensive health care-use database of nearly all residents of the province of Manitoba, Canada (population, 1.18 million). 14 Because of universal health care coverage in Canada, these data capture virtually all residents of the province. Manitoba residents are provided with a unique personal health number by the provincial health department that is scrambled to preserve anonymity during data linkage.
The Research Data Repository has been extensively validated for determining the prevalence of osteoporotic fractures and their risk factors. 15, 16 This database is therefore well suited to investigate the association between the use of AEDs and fractures of the hip, vertebra, and wrist.
IDENTIFICATION OF PARTICIPANTS
Cases were included in the study if they were aged 50 years or older and had continuous health care coverage between April 1, 1988, and March 31, 2004 , or until death. Nontraumatic (osteoporosis-related) fractures were identified in physician claims or hospital discharge abstracts coded with the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) using diagnosis codes for vertebral (ICD-9-CM 805), wrist (ICD-9-CM 813), or hip fracture (ICD-9-CM 820-821 plus a physician claim for hip fracture reduction or fixation, open or closed). High-trauma fractures, defined by an external cause of the injury (E codes), were excluded. The date of fracture became the index date for the case and any matched controls.
Cases were excluded if they had used osteoprotective medications (selective estrogen receptor modulators, natural and semisynthetic estrogens, bisphosphonates, parathyroid hormone analogues, or calcitonin) in the year prior to the fracture. Residents of long-term care facilities were also excluded, as they are one of the rare groups whose prescription medication history is not fully captured in the Research Data Repository.
Each case was matched with up to 3 controls without a history of hip, wrist, or vertebral fractures. Controls were matched by age (within 5 years), sex, degree of comorbidity, and ethnicity (Aboriginal) status. The degree of comorbidity was defined using the John Hopkins aggregated diagnosis groups (ADG). 17 The number of ADGs for which the patient had received a diagnosis in the year before the fracture was calculated and categorized based on the total number of ADGs (0, 1-2, 3-5, Ն6). The use of ADGs to quantify comorbidity and fracture risk has previously been validated in the Manitoba databases.
15
DETERMINATION OF AED EXPOSURE
The Drug Program Information Network database was used to determine AED exposure. This pharmaceutical database has been validated and found to be accurate at capturing drug dispensations and prescription details. 18 The database contains virtually all pharmacy dispensations, and the drugs are coded using the World Health Organization Anatomical Therapeutic Chemical classification system. 19 The AEDs studied were carbamazepine (N03AF01), clonazepam (NO3AE01), ethosuximide (N03AD01), gabapentin (N03AX12), phenobarbital (N03AA02), phenytoin (N03AB02), and valproic acid (N03AG01). Owing to smaller numbers of users, felbamate (N03AX10), lamotrigine (N03AX09), levetiracetam (N03AX14), pregabalin (N03AX16), primidone (N03AA03), oxcarbazepine (N03AF02), topiramate (N03AX11) and vigabatrin (N03AG04) were grouped together as "other AEDs."
Antiepileptic drug exposure was classified as (1) nonusers with no AED dispensations in the year prior to the index date; (2) past users with 1 or more AED dispensations in the period 4 to 12 months prior to the index date; and (3) current users, identified as those who had 1 or more AED dispensations within 4 months of the index date.
ASSESSMENT OF POTENTIAL CONFOUNDERS
We adjusted for potential confounders that have previously been assessed using administrative data and found to be associated with fracture risk. 20 Specifically, we controlled for area of residence (urban, rural south, rural north) and income (based on 2001 Canada census public files and grouped into the lower 2 quintiles and upper 3 quintiles). 21 We controlled for the following comorbidities using ICD-9-CM diagnosis codes from physician claims or hospital discharge abstracts during the 3 years prior to the index date (case fracture): epilepsy, diabetes, ischemic heart disease, hypertension, rheumatoid arthritis, chronic obstructive pulmonary disease (proxy for smoking), substance use, depression (as a marker of psychotropic drug use such as selective serotonin reuptake inhibitors), schizophrenia (as a marker of psychotropic drug use), and dementia. Epilepsy was defined using 2 physician visits or hospitalizations coded with ICD-9-CM 345 for the 3 years prior to the index date. We also controlled for home care use (proxy for frailty) during the year prior to the index date.
STATISTICAL ANALYSIS
Conditional logistic regression models were developed for each agent to assess the association between fractures and individual AED use. Model 1 adjusted for sociodemographic variables and past AED use. Model 2 adjusted for sociodemographic variables, home care use, comorbidities, and past AED use. Model 3 adjusted for sociodemographic variables, home care use, comorbidities, and for all the AEDs simultaneously. Specifically, separate variables were defined for each of the AEDs, including the other AEDs group. One final model was tested (model 4), in which each AED was included as a separate subgroup if it was currently being used in monotherapy (ie, patient only taking 1 of the AEDs studied) or in polytherapy (patients taking more than 1 of the AEDs studied). The final model was adjusted for sociodemographic variables, home care use, and comorbidities. Odds ratios (ORs) for the risk of fracture in AED vs non-AED users with 95% confidence intervals (CI) were obtained. All regression analyses were performed using SAS version 9.1.3 (SAS Inc, Cary, North Carolina).
RESULTS
A total of 15 792 patients met our case definition for nontraumatic (osteoporotic) fracture between April 1996 and March 2004. These cases were successfully matched for age, sex, ethnicity, and number of ADGs to 47 289 controls. Baseline characteristics of cases and controls are shown in Table 1 . Fracture cases were more likely to live in urban dwellings (OR, 1.07; 95% CI, 1.03-1.10), fall in the lowest income group (OR, 1.10; 95% CI, 1.06-1.14), and have used home care services (OR, 1.74; 95% CI, 1.66-1.82) compared with controls. The most common fracture site was the wrist (52.0%) followed by the hip (26.2%) and, lastly, the vertebra (21.7%).
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The prevalence of comorbidities in fracture cases and controls is shown in COMMENT A significant increase in fracture risk was found for most individual AEDs studied (except for valproic acid) in this large population-based pharmaco-epidemiologic study of older adults. This increased risk persisted after adjusting for sociodemographic variables, comorbidities, and use of home care services.
Our study is consistent with other population-based studies, demonstrating an increased risk of fractures in individuals receiving AEDs. [10] [11] [12] Most of these studies were small, poorly controlled, or focused on individuals with epilepsy. One large pharmaco-epidemiologic study by Vestergaard et al 13 examined the risk of fractures in individuals on AEDs, regardless of epilepsy status. One difference compared with our study is that they included patients of all ages, unlike our study, which focused on older individuals. Although their results were similar to ours, some contradictory findings are worth noting. First, our study found an association between phenytoin and the risk of fracture, while the study by Vestergaard et al 13 did not report such an association. This is surprising considering that phenytoin has been associated with bone loss. 8, 22, 23 For example, Pack et al 23 followed up 93 premenopausal women with epilepsy who were receiving AED monotherapy (carbamazepine, lamotrigine, phenytoin, or valproate) and noted significant bone loss at the femoral neck as little as 1 year after treatment initiation in the phenytoin group but not in the other groups. These results must be interpreted cautiously, as no control groups were enrolled in the latter study. 23 Second, the study by Vestergaard et al, 13 contrary to our study, reported an association between valproic acid and fractures. Once again, the literature on the association between valproic acid and bone loss or fracture is inconsistent. In our study, valproic acid was significantly as- the odds of fracture were statistically significant for carbamazepine, clonazepam, and phenobarbital, but the association between phenobarbital and fracture risk was no longer significant once examined as monotherapy, possibly owing to the smaller sample size. Our finding of an association between gabapentin and nontraumatic fracture has not, to our knowledge, been described in previous research. However, an association between gabapentin and bone loss has previously been described in men in 1 large prospective study. 9 The association between gabapentin and fractures is surprising, although it is frequently used to treat chronic pain syndromes. It is plausible that many persons who are taking gabapentin are limited in their mobility (owing to pain), which can result in deconditioning, bone loss, and fractures.
It is interesting that those with fractures were less likely to have hypertension compared with those without fractures, suggesting a possible osteoprotective benefit from hypertension. This is consistent with prior studies suggesting higher bone mineral density in those with hypertension (possibly mediated through associations with overweight and obesity) [25] [26] [27] but contrary to other studies reporting that hypertension is associated with fractures 28, 29 and bone density loss. 30 Antihypertensives have been found to be osteoprotective by reducing blood pressure, which can lead to decreased urinary calcium loss and subsequent decreased fracture risk or increased bone mineral density. [31] [32] [33] [34] [35] Four different logistic regression models to assess effect size were used in the current study, each of varying complexity. The OR of sustaining a fracture decreased in magnitude when we added markers of frailty (eg, home care use) and comorbidity measures, suggesting a common mechanism to promote fracture risk in this population that may not be specifically AED related. Some of these mechanisms may be related to underlying health issues such as deconditioning, lack of antigravity activity, lack of sun exposure, low calcium intake, and overall poor vitamin D intake. 8 Unfortunately, we did not have the ability to specifically adjust for these in our study, although adjustment for home care use was chosen as a surrogate marker for lack of antigravity activity and deconditioning.
There are other confounding factors that could contribute to bone loss in our population besides the ones for which we were able to adjust. For example, psychotropic drugs, in particular selective serotonin reuptake inhibitors, have been associated with bone density loss and fracture risk. 36, 37 There is often overlap between antidepressant and antiepileptic drug use. However, to minimize confounding from psychotropic agents, we adjusted for depression as a surrogate marker for psychotropic drug use.
There are strengths and limitations to our study. One strength is the population-based nature of the data source, making it unlikely that selection bias occurred. Another is the large sample size with matching for important risk factors (age, sex, ethnicity, and number of comorbidities). We were able to adjust for many potential confounders (sociodemographic variables, multiple diagnoses, and home care use) but could not specifically adjust for vitamin D or calcium intake, physical activity level, or other lifestyle factors. We also did not have bone mineral density measurements for these individuals, and only fractures for which medical attention was sought are captured in administrative databases. Similarly, we had inadequate sample size to study some of the newer AEDs individually (eg, lamotrigine, pregabalin, topiramate).
Our study was not designed to address the possible mechanisms explaining the association between AEDs and fractures, but proposed mechanisms of AED-related bone disease include hepatic induction of cytochrome P450 enzymes leading to increased vitamin D metabolism, direct action of AEDs on osteoblasts, impaired calcium absorption, elevated homocysteine, inhibition of response to parathyroid hormone, hyperparathyroidism, reduced reproductive sex hormones, and reduced vitamin K level. 38 In conclusion, our study showed that most AEDs except for valproic acid are associated with an increased likelihood of nontraumatic fracture in individuals aged 50 years or older. Future prospective studies of AEDs in newly treated drug-naive patients are needed to better examine the individual effects of AEDs on bone health. Second, the benefits of screening with bone densitometry also need to be studied before any recommendations can be made regarding the timing and frequency of bone densitometry screening in those on AEDs. Finally, randomized controlled trials assessing the effects of vitamin D and calcium prophylaxis as well as other osteoprotective medications in individuals who are receiving AEDs are also warranted. 
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